The aim of the present study was to assess the frequency of intestinal parasitic infection among patients with gastrointestinal tract disorders from the Greater Cairo region, Egypt. In addition, a comparison was made of the accuracy of direct thin and thick smear, formol-ether sedimentation (FEC), centrifugal flotation (CF), and mini-FLOTAC techniques in the diagnosis of infection. Out of 100 patients, the overall prevalence of parasitic infection was 51%. Only 6% had dual infection. Giardia lamblia was the most common parasite (26%), followed by Hymenolepis nana (20%), Entamoeba coli (8%), and Enterobius vermicularis (3%). Except the statistically significant association between E. vermicularis infection and perianal itching and insomnia (P < 0.001), age, gender, and complaints of the examined individuals had no association with prevalence of parasitic infection. Both FEC and CF were equally the most accurate techniques (accuracy = 98.2%, confidence interval [CI] = 0.95-1.0, and κ index = 0.962), whereas the Kato-Katz method was the least accurate (accuracy = 67.5%, CI = 0.57-0.78, and κ index = 0.333). However, mini-FLOTAC-ZnSO 4 was the most accurate for diagnosis of helminthic infection, and FEC was more accurate for diagnosis of protozoal infection (accuracy = 100%, CI = 1.0-1.0, and κ index = 1).
INTRODUCTION
Intestinal parasitic infection represents a large and serious medical and public health problem in developing countries. The World Health Organization (WHO) has estimated that intestinal parasites infect more than 3.5 billion individuals, and that 450 million develop illness because of infection. 1 In Egypt, intestinal parasitic infection represents a public-health problem. The rate of infection in certain areas may reach up to more than 50% of the asymptomatic population. 2 A trustworthy evaluation of the pervasiveness of parasitic diseases relies upon using suitable and accurate methods of diagnosis. A wide variety of laboratory methods, including parasitological, molecular, serologic, and culture approaches, have been developed for the diagnosis of intestinal parasite infection. The choice of a particular technique is influenced by its affordability, sensitivity, simplicity, cost, and the level of technical skills involved. 3 Novel advanced methods like DNA probes, polymerase chain reaction, and direct fluorescent antibody methods, which are highly sensitive, are too costly to be used routinely in developing countries, where the health centers have minimal laboratory equipment. Direct wet mount preparations, the Kato-Katz technique, the formol-ether sedimentation (FEC) technique, and flotation techniques, in the form of stool microscopy, offer many advantages over other diagnostic methods for detecting intestinal parasites. If performed correctly, these approaches are sensitive, simple, and economical. 4 However, the presence of polyparasitism, particularly in developing countries, 5, 6 and the paucity of diagnostic tools that are able to detect multiple-species parasitic infection with a high level of accuracy, make it necessary to use more than one method to detect different parasitic forms, especially under conditions of low parasite burden. 7 Therefore, there is a need for sensitive diagnostic tools that are inexpensive, simple to apply, and concurrently detect different intestinal parasite species in the same stool sample.
The present study aimed to evaluate the prevalence rate of intestinal parasitic infection among patients with gastrointestinal tract (GIT) disorders from the Greater Cairo region, Egypt. In addition, a comparison was made of the accuracy of direct thin and thick smear, FEC, centrifugal flotation (CF), and mini-FLOTAC techniques.
MATERIALS AND METHODS
Sample collection. This comparative cross-sectional study was carried out in the period from September 2014 to April 2015. All the practical work was done in the Department of Parasitology, Faculty of Medicine, Benha University, Egypt.
One hundred fresh stool samples were collected from patients of different ages, and of both sexes, attending the outpatient clinics of Benha Educational Hospital and Abu El-Resh Hospital, Greater Cairo region, Egypt. The patients were complaining of various GIT manifestations. Stool samples were collected according to WHO 8 guidelines in clean, labeled, wide-mouth plastic containers with tight-fitting lids. The samples were protected from contamination with water, soil, and urine. As soon as the sample received, qualitative macroscopic examination was done regarding consistency, color, and presence of mucous and/or blood. Stool samples were homogenized by mixing after delivery to the laboratory. The specimens were neither incubated nor frozen and processed within 1 hour after delivery. Each container was labeled with the patient's name, the date of specimen collection, and a serial number.
Parasitological methods. All specimens were processed by five techniques. 1) Direct thin smear examination done by preparing two wet mounts before processing the specimen further. One wet mount was prepared with physiologic saline and the other was prepared with Lugol's iodine solution. 8 2) Kato-Katz technique (direct thick smear) using a template delivering about 41.7 mg of feces. 9 Slides were *Address correspondence to Atef H. Hussein, Department of Parasitology, Faculty of Medicine, Benha University, Farid Nada Street, P.O. Box 13518, Benha, Egypt. E-mail: atef.abdelhamid@fmed.bu. edu.eg examined within 1 hour of preparation to avoid over clarification of some helminth eggs. The number of eggs per gram of feces was calculated by multiplying the number of observed eggs by 24. 3) FEC technique using 1 g of stool suspended in 10% formalin and centrifuged at 3,000 rpm. 10 4) Modified CF accomplished according to the method of Traunt and others 11 using zinc sulfate solution of specific gravity 1.35. 5) Mini-FLOTAC technique using two different flotation solutions, zinc sulfate heptahydrate with specific gravity 1.35 (mini-FLOTAC-ZnSO 4 ), and saturated sodium chloride with specific gravity 1.18 (mini-FLOTAC-NaCl). 12 Statistical analysis. The collected data were tabulated and analyzed using SPSS version 16 software (SPSS Inc., Chicago, IL). Categorical data are presented as number and percentage, whereas quantitative data are expressed as median and quartiles. Fisher's exact test with the Monte Carlo method for tables larger than 2 × 2 was used to analyze the differences between categorical variables. It is used when sample size is small. The z test was used to compare proportion between two groups of qualitative data. The Friedman test followed by post hoc multiple comparisons using Bonferroni adjusted Wicoxon test was used to analyze the difference between more than two medians of matched groups. The kappa test of significance (κ) was used to test the degree of agreement between the results of the studied techniques and the gold standard (the combined results of the techniques were taken as the gold standard 6 ). κ measures were interpreted as follows: < 0, poor agreement; 0-0.20, slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial agreement; and 0.81-1.0, almost perfect agreement. 13 The accepted level of significance in this work was stated as 0.05 (P < 0.05 was considered significant).
Ethical considerations. The study was approved by Parasitology Department Research Committee and the Ethical Committee at the Faculty of Medicine, Benha University.
Oral consents were taken from the participants or their parents (in the case of children) at the hospitals.
RESULTS
The current study showed that about half of the study group suffered from parasitic infection (P > 0.05). Most of the infected population had a single parasitic infection, whereas only 6% had a multiple parasitic infection (P < 0.001). Giardia lamblia was the most common parasitic infection, followed by Hymenolepis nana. Other parasitic infections found were significantly less common (P < 0.001) ( Table 1 ). In addition, our results showed that the age, gender, and complaint of the examined individuals had no statistically significant effect on the overall prevalence of parasitic infection, although most of the infected persons (70%) were in the school-age group and 82.4% of complaints were of abdominal pain. Age and gender did not have a statistically significant association with the type of the infecting parasite. However, some complaints had a high frequency with intestinal parasitic infection: 100% of patients with Enterobius vermicularis infection had perianal itching and insomnia, and 100%, 88.5%, and 85% of patients with Entamoeba coli, G. lamblia, and H. nana infection, respectively, had abdominal pain. However, statistical analysis showed that except for E. vermicularis, there is no association between the patient's complain and the prevalence of H. nana, G. lamblia, and E. coli. Moreover, the current study showed that there was no significant association between the macroscopic criteria of the stool sample and parasitic infection.
Given that the sum of positive results from the combination of all the techniques was used as a gold standard in this study, its sensitivity and specificity were 100%. Our results showed that, for the diagnosis of parasitic infection using a single technique, both FEC and CF were equally the most Table 2 ). Regarding the efficiency of the techniques used according to genus of the parasite, Table 3 shows that mini-FLOTAC-ZnSO 4 and FEC were the most efficient for the diagnosis H. nana and E. coli, respectively (100% sensitivity, 100% efficiency, and κ index = 1), whereas the three flotation techniques used are the most efficient for the diagnosis of E. vermicularis, and FEC and CF methods are equally the most efficient for G. lamblia (100% sensitivity, 100% efficiency, and κ index = 1).
The box plot of egg count/gram for H. nana and E. vermicularis (Figure 1 ) revealed that Kato-Katz technique was statistically significantly (P < 0.001) able to detect more H. nana eggs (median = 612, interquartile range [IQR] = 1,458) than either mini-FLOTAC-ZnSO 4 technique (median = 248, IQR = 554) or mini-FLOTAC-NaCl (median = 168, IQR = 360). However, no significant difference was found in comparison of the two flotation solutions used in performing the mini-FLOTAC technique. Quantitative diagnosis of E. vermicularis showed no significant difference (P > 0.05) between Kato-Katz technique (median = 360, IQR = 264) and either mini-FLOTAC-ZnSO 4 technique (median = 40, IQR = 38) or mini-FLOTAC-NaCl (median = 12, IQR = 26).
DISCUSSION
Intestinal parasitic infection is a major health problem in many developing countries where parasites are endemic.
The present study shows that, in the Greater Cairo region, about half of the patients (51%) complaining of GIT symptoms had parasitic infection. A more or less similar prevalence (48.8%) was reported in the Canal region, east of Egypt, 14 whereas a higher rate of infection (60.9-67.1%) was reported in the North Nile Delta. 15, 16 A lower rate of infection (25%) was recorded among diarrheic children in Benha City (Greater Cairo region) by Abed and others. 17 This discrepancy among different studies could be ascribed to many factors, including dissimilarity in the selection of the enrolled study population, the sensitivity of the diagnostic technique used or the proficiency of the investigator. Our data showed that 6% of the examined individuals had a dual parasitic infection. Polyparasitism is not an uncommon finding, 2, 16 and interaction between parasites may result in more nutritional and pathological consequences than single infection. 5 The current study showed that G. lamblia was the most predominant parasitic infection. This corroborates the findings of other studies, which emphasizes that giardiasis is one of the most common parasitic infections among Egyptian patients complaining of GIT disorders. 18, 19 The significantly low percentage of E. vermicularis infection (3%), in comparison with other Egyptian studies that used perianal swab in diagnosis, 20, 21 emphasizes that stool examination is not sensitive enough to be used in diagnosis of entrobiasis. 22 The relationship between the prevalence of parasitic infection and either age or gender of the population is controversial. Although our present study and those of Gelaw and others 23 and Abate and others 24 deny any statistically significant effect on the overall prevalence of parasitic infection, other studies found a significant relation of age and gender with the prevalence of intestinal parasitic infection. [25] [26] [27] Patients with parasitic infection may be either asymptomatic or present to physicians with a variety of clinical manifestations that may mimic nonparasitic diseases. Assessment of the contribution of parasitic infection and sequentially developing guidelines for the management of such a clinical situation may be useful. This syndromic approach is believed to be useful in communities with limited resources, where access to adequate diagnostic tools is not always available. The current study did not show an association between the presence of GIT disturbances and prevalence of parasitic infection among patient enrolled in the study. However, when analyzing this association for each parasite separately, a different pattern of relation appeared. Our results showed a highly significant association between E. vermicularis infection and perianal itching and insomnia, a result that corroborates that of Pezzani and others 28 and partially with that of Acosta and others 29 who emphasized this relation for perianal itching but not for insomnia. However, although the high frequency of abdominal pain among patients infected with G. lamblia, H. nana, and E. coli infection (88.5%, 85%, and 100% of positive patients, respectively), there was no statistically significant association between the prevalence of infection and the patient's complain (P > 0.05). Previous studies conducted in Pakistan, Kashmir, and Mexico reported abdominal pain as a very common complain among G. lamblia 30, 31 and H. nana 32 infected patients. Entamoeba coli is a non-pathogenic intestinal protozoa and the biased misleading presumed association with abdominal pain reported in our study may be due to absence of a control normal group to compare with. Neither diarrhea nor the macroscopic criteria of the stool samples was found to have significant association with any of the parasites detected. Diarrhea was suggested as a potential risk factor that should draw attention to the presence of G. lamblia and H. nana infection. [33] [34] [35] For many years, microscopy has been the main tool for the detection of intestinal parasitic infection. This is predominantly true in countries with limited economic resources, including Egypt. Moreover, in these countries, examination of one stool sample using single methods is the traditional trend due to its affordability, simplicity, and low cost. This trend is justified by the results of previous studies that assumed that single stool sample examination could be enough to diagnose up to 93% of positive cases. 36, 37 In the current work, given that the sum of positive results from the combination of all the techniques was used as a gold standard, data analysis showed that both FEC and CF were equally the most accurate techniques for diagnosis of parasitic infection (accuracy = 98.2%, confidence interval [CI] = 0.95-1.0, and κ index = 0.962), whereas the Kato-Katz method is the least accurate technique (accuracy = 67.5%, CI = 0.57-0.78, and κ index = 0.333). These results partially agree with previous studies that claimed a greater accuracy Combined results from all diagnostic techniques were considered as "gold standard." κ index was interpreted as follows: < 0, poor agreement; 0-0.20, slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial agreement; and 0.81-1.0, almost perfect agreement. of FEC in the diagnosis of overall parasitic infection when compared with direct wet mount, 38 flotation, 39 and Kato- Katz 40 methods. However, mini-FLOTAC-ZnSO 4 was the most accurate for diagnosis of helminthic infection, and FEC was more accurate in the diagnosis of protozoal infection (accuracy = 100%, CI = 1.0-1.0, and perfect agreement with the gold standard, κ index = 1), a result that corresponds to that of Barda and others. 41 Quantitative diagnosis of H. nana infections showed that the Kato-Katz technique significantly detected more eggs than mini-FLOTAC techniques (P < 0.001). However, no significant difference was found in quantitative diagnosis of E. vermicularis egg count (P = 4). No significant difference was found in comparison between the two flotation solutions used in performing the mini-FLOTAC technique.
The results reported in our study are limited by the small number of enrolled cases, the absence of a healthy asymptomatic control group, and the absence of a true gold standard to compare with.
In conclusion, intestinal parasites are common among patients complaining of GIT disorders in the Greater Cairo region. No single test is regarded the gold standard for diagnosing parasitic infection. However, FEC or CF is recommended to be used alternatively in the routine diagnosis of parasitic infection in Egypt, and mini-FLOTAC-ZnSO 4 may be a substitute when infection with only helminths is suspected.
